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Appendix
We extended the previously described dynamic instability model in Dogterom & Leibler (1) to incorporate microtubule severing. As described in main text, we assumed that: (i) severing takes place at random positions on microtubules with equal probability. The severing rate is defined as with the unit length -1 time -1 . (ii) Severing generates a new stable minus end and a new shrinking plus end that shorten with the rate # . For the model scheme, see where 8 and 9 are number of growing and shrinking microtubules with length at time with > 0 . Microtubule dynamics parameters & , # , &# , #& are growth rate, shrinkage rate, catastrophe frequency and rescue frequency respectively. The master equations are identical to equation 8 and 9 in Tindemans & Mulder (2), where they solved for microtubule length distribution in the presence of severing under spontaneous nucleation conditions. Summing the two lines in Eq. 2 gives an equation for the net change in filament length; this is identical to equation 12 in Ermentrout & Eldelstein-Keshet (3).
Summing Eq.1 and 2 and integrating over length, we get the rate of change of the total number of microtubules, assuming that all microtubules have finite length: & and # are the total numbers of growing and shrinking microtubules. Differentiating Eq.4 with respect to time and combining with Eq.1 and 2 we get:
We focus on the condition when microtubule length distribution reaches steady state and solve Eq.3 as:
where & ( , ) and # ( , ) are probability densities of growing and shrinking microtubules with length at time , is the mean microtubule length and is a positive constant. This shows that the number of microtubules will increase or decrease exponentially when the length distribution reaches a steady state. Now we consider two possible boundary conditions. When there is a stable seed at the minus end, the gain of new growing MTs of zero length (i.e. seeds) matches the loss of old microtubules disappearing and we can write the boundary condition as:
The other condition is that there is no stable seed and a microtubule will disappear when it shrinks all the way back to the minus end. In this case, the boundary condition is:
Eq.6 can be rewritten as:
= exp( − 9 9 0 ? , ). When − # # 0 ? , > 0, both the number of microtubules and the polymer mass increase exponentially. Substituting this solution of ( ) into Eq.5 and divide both sides by ( ) we get a characteristic equation:
( (1). Thus, from our mathematical model, we conclude that to increase total microtubule number and polymer mass by severing, the microtubule dynamics parameters have to be in the regime of unbounded growth. GMPCPP-MT seeds were labeled with TAMRA and were visualized with TIRF microscopy. The dynamic microtubules with unlabeled tubulin were imaged by IRM. Both dynamic microtubules and GMPCPP-MT were severed by spastin. The majority of the newly generated microtubules showed no red fluorescence signal in the TIRF channel, indicating that these microtubules were not directly polymerized from severed GMPCPP-MT fragments. . The accumulation of spastin is observed consistently for all three time points. One sample t-test showed that in all three time points, the normalized intensity is significantly larger than 1 (p<0.0005 for all three cases).
Movie S1. Asymmetric behaviors of two microtubule ends generated after severing. See Figure  3A , B.
Movie S2. Accumulation and tracking of fluorescent spastin on shrinking microtubule plus end in the presence of AMP-PNP. Upper: IRM channel; lower: TIRF channel (488 nm). See Figure  5A , B.
Movie S3. Accumulation of fluorescent spastin on shrinking microtubule plus end generated by severing in the presence of ATP. Upper: IRM channel; lower: TIRF channel (488 nm). See Figure 5C .
